Substantial evidence supports an association of particulate matter ( PM ) with cardiorespiratory illnesses, but little is known regarding characteristics of PM that might contribute to this association and the mechanisms of action. The Atlanta superstation sponsored by the Electric Power Research Institute as part of the Aerosol Research and Inhalation Epidemiology Study ( ARIES ) study is monitoring chemical composition of ambient particles by size fraction, as well as a comprehensive suite of other pollutants, at a site in downtown Atlanta during the 25 -month period, August 1, 1998 ± August 31, 2000. Our investigative team is making use of this unique resource in several morbidity studies, called the``Study of Particulates and Health in Atlanta ( SOPHIA ) ''. The study includes the following components: ( 1 ) a time series investigation of emergency department ( ED ) visits for the period during which the superstation is operating; (2) a time series investigation of ED visits during the 5 years prior to implementation of the superstation; and ( 3 ) a study of arrhythmic events in patients equipped with automatic implantable cardioverter defibrillators ( AICDs ) for the period January 1, 1993 ± August 31, 2000. Thirty -three of 39 Atlanta area EDs are participating in the ED studies, comprising over a million annual ED visits. In this paper, we present initial analyses of data from 18 of the 33 participating EDs. The preliminary data set includes 1,662,713 ED visits during the pre -superstation time period and 559,480 visits during the superstation time period. Visits for four case groupings Ð asthma, chronic obstructive pulmonary disease ( COPD ) , dysrhythmia, and all cardiovascular diseases ( CVDs ) combined Ð have been assessed relative to daily air quality indices, controlling for long -term temporal trends and meteorologic variables, using general linear models, generalized estimating equations and generalized additive models. Single -pollutant models predicting case visitation rates using moving averages of 0 -, 1 -, and 2 -day lagged air quality variables were run. For the pre -superstation period, PM 10 ( 24-h ) , ozone ( 8-h ) , SO 2 ( 1-h ) , NO 2 ( 1-h ) and CO ( 1-h ) were studied. For the first 12 months of superstation operation, the following air quality variables of a priori interest were available: ozone ( 8-h ) , NO 2 ( 1-h ) , SO 2 ( 1-h ) , CO ( 1-h ) , and 24 -h measurements of PM 10 , coarse PM ( PM 2.5 ± 10 m ) , PM 2.5 , polar VOCs, 10 ± 100 nm particulate count and surface area, and in the PM 2.5 fraction: sulfates, acidity, water -soluble metals, organic matter ( OM ) , and elemental carbon ( EC ) . During the pre -superstation time period, statistically significant, positive associations were observed for adult asthma with ozone, and for COPD with ozone, NO 2 and PM 10 . During the superstation time period, the following statistically significant, positive associations were observed: dysrhythmia with CO, coarse PM, and PM 2.5 EC; and all CVDs with CO, PM 2.5 EC and PM 2.5 OM. While covariation of many of the air quality indices limits the informativeness of this analysis, the study provides one of the first assessments of PM components in relation to ED visits.
Introduction
A number of epidemiologic studies have shown a positive association between ambient levels of particulate matter ( PM) and various cardiorespiratory outcomes using mortality, hospital admissions, and emergency department ( ED ) admissions data (e.g., Thurston et al., 1994; Pope, 1996; Lipsett et al., 1997; Poloniecki et al., 1997; Schwartz, 1997; Schwartz et al., 1993 Schwartz et al., , 1996 Prescott et al., 1998; Zmirou et al., 1998; Burnett et al., 1999; Tolbert et al., 2000; see USEPA, 1996 for review ). Because PM is a heterogeneous mixture that varies in composition temporally and spatially, there is a need to identify agents within this mixture that may be responsible for the observed associations. In the National Research Council report,``Research Priorities for Airborne Particulate Matter: Immediate Priorities and a Long-Range Research Portfolio,'' the assessment of hazardous PM components was identified as a priority research topic (National Research Council, 1998 ) .
The Aerosol Research and Inhalation Epidemiology Study ( ARIES ) superstation that is operating in Atlanta during the period August 1, 1998± August 31, 2000 provides a unique opportunity to make a significant contribution to the epidemiologic literature regarding cardiac and respiratory effects of PM ( Van Loy et al., submitted ) . The superstation, sponsored by the Electric Power Research Institute, is collecting detailed information on particle chemical composition by size fraction, as well as a comprehensive suite of other pollutants. Investigators at the Rollins School of Public Health of Emory University are conducting several morbidity investigations in relation to the superstation, collectively called the``Study of Particulates and Health in Atlanta ( SOPHIA )''.
The SOPHIA study has several components: (1 ) a time series investigation of ED visits for the period during which the superstation is operating; (2 ) a time series investigation of ED visits during the 5 years prior to implementation of the superstation, using the ambient air quality data collected by the Georgia Department of Natural Resources; and (3 ) a study of arrhythmic events in patients equipped with automatic implantable cardioverter defibrillators ( AICDs ) for the period January 1, 1993± August 31, 2000. The first component will provide an assessment of the role of PM chemistry and particle size distribution in ED visits for specific cardiopulmonary illnesses, controlling for other pollutants. The second component will provide a longer time frame in which to assess the temporal patterns of the ED visits and the criteria air pollutants in Atlanta, informing the analyses to be undertaken in the first component. The third component makes use of data from AICDs, electronic devices implanted in patients diagnosed with ventricular arrhythmia which monitor the heart and discharge therapy as needed. Information on arrhythmic events stored on these devices is being studied in relation to air quality data in this component study, which we anticipate will provide additional mechanistic insight into cardiac effects of air pollution.
Health -based PM standards for the U.S. will be reconsidered by the U.S. Environmental Protection Agency in 2002, based upon the criteria document to be revised in 2000. In order to provide a preliminary indication of the findings of this study as input for EPA's deliberations, interim analyses of this ongoing study have been undertaken.
Methods

Air Quality Data Collection
Two air quality databases are being created for this study: ( 1) superstation data for the time period August 1, 1998 ± August 31, 2000; and (2 ) Georgia Department of Natural Resources ambient air quality monitoring data for the period January 1, 1993 ± August 31, 2000. A map with the locations of the superstation and the additional ambient air quality monitoring sites being used in the current analyses is shown in Figure 1 .
Pollutant Metrics Pollutant metrics to be used in our initial models were selected based on several factors. Current hypotheses of the potential biological mechanisms, availability from the monitoring stations, consistency with previous epidemiologic studies, and the form of the NAAQS contributed to the decision. From the plethora of particulate measures at the superstation data, we chose 24-h PM 2.5 (PM<2.5 m in aerodynamic diameter ) mass, 24-h coarse particle ( PM 2.5 ±10 m ) mass, 24-h PM 10 (PM<10 m ) mass (reconstructed ), and 24-h metrics of the following PM 2.5 components: acidity, sulfates, elemental carbon (EC ), organic matter (OM ), water-soluble transition metals, and the surface area and number of ultrafines ( 10± 100 nm ) . Also from the superstation, we chose 24-h gas phase oxygenated hydrocarbons (polar VOCs ), 8-h maximum ozone (O 3 ), 1-h maximum nitrogen dioxide (NO 2 ), 1-h maximum carbon monoxide ( CO ) , and 1-h maximum sulfur dioxide (SO 2 ) . Because the presuperstation data are more limited in scope, we chose 24-h PM 10 mass, 8-h maximum O 3 , 1-h maximum NO 2 , 1-h maximum CO, and 1-h maximum SO 2 . In further analyses, additional pollution metrics may be evaluated. Several methods of measuring PM 2.5 are being used: the federal reference method (FRM ) , particle composition monitor (PCM ), and tapered element oscillating microbalance (TEOM ). For the current analyses, the readings from the TEOM are used because this method has the fewest missing measurements and is highly correlated with the alternative measures. Daily coarse PM mass is measured using a dichotomous, filter -based sampler. Daily PM 10 mass is calculated by adding together coarse PM mass and PM 2.5 mass by FRM. Components of PM 2.5 being measured include total acidity, EC, OM, sulfate (SO 4 ) , and a watersoluble transition metals index ( sum of chromium, copper, iron, manganese, nickel, and vanadium ) . All of these component measurements are filter -based and integrated over 24-h. Acidity is measured as the pH level of the water extract from the Teflon filter of the Harvard EPA Annular Denuder System ( HEADS ). EC and organic carbon are measured from a denuded PCM quartz filter; OM is then calculated by multiplying the organic carbon measurement by 1.4. Sulfate mass is measured from the PCM nylon filter and the PCM Teflon filter; the measurements from the nylon filter are used in the current analyses because there are fewer missing measurements and the two methods are highly correlated. The metals are measured by extracting the PCM Teflon filter with water and analyzing the extract via inductively coupled plasma atomic emission spectrometry. Ultrafine particles are being provided in three size ranges: 3 ±10 nm, 10 ±100 nm, and 100 ±1000 nm. Three instruments, nano -SMPS, SMPS, and LASAIR, directly measure total particle count in 68 size bins, in number per cubic centimeter, and the counts are then aggregated into the three wider size ranges. Surface area, in square micrometer per cubic centimeter, and volume, in cubic micrometer per cubic centimeter, are calculated from the number of particles in each of the 68 bins, assuming each particle is spherical and, within each bin, has a standard diameter. The measurements of surface area and volume are then aggregated from the 68 bins to the three larger bins described above.
For continuous data, hourly averages are calculated if at least two thirds of the minutes in that hour is available; otherwise, that hour is considered missing. If at least 21 h in the day are available, a 24 -h average is calculated. All 24 -h integrated measurements are calculated from midnight to midnight.
State Ambient Air Quality Data Data from existing monitoring stations within the Atlanta metropolitan area are being collected as well. Data are being obtained from the following systems: the Aerometric Information Retrieval System (AIRS ), the Georgia Department of Natural Resources ( DNR ), the National Climatic Data Center (NCDC ), the U.S. Geological Survey (USGS ), and the Metro Atlanta Index (MAI) . Air quality measurements include metrics for PM 10 mass, O 3 , NO 2 , SO 2 , and CO, as well as meteorologic variables.
PM 10 mass is measured at several different sites by several different monitoring systems. Data monitored every sixth day at four locations, measuring 24-h ( midnight to midnight ) integrated mass using FRM, are reported to AIRS. MAI includes measurements of 24-h PM 10 mass using FRM at the Fulton County Health Department from January 1, 1993 until January 7, 1996. The mass was measured from 10 a.m. to 10 a.m. for 5 days /week, Sunday through Thursday (starting at 10 a.m. on those days ) . Beginning January 8, 1996, MAI began measuring 24-h PM 10 mass at the Georgia Tech Station from 8 a.m. to 8 a.m., daily. Additionally, on January 1, 1998, AIRS and DNR set up a TEOM instrument to measure daily 24-h PM 10 mass ( midnight to midnight ) at Georgia Tech. For the initial pre -superstation ED analysis, the MAI PM 10 mass measurements are used. The 24 -h PM 10 values were assigned to the second day that the measurement crossed. Thus, if the mass is calculated from 8 a.m. the first day to 8 a.m. the second day, the measurement is assigned to the date of the second day. This assignment was based on an analysis of the subset of days for which the midnight ± midnight measurements were available, which found a higher correlation of the midnight ± midnight measurements with the 8 a.m. to 8 a.m. measurements for the second day crossed by the measurement than with the 8 a.m. to 8 a.m. measurements for the first day. Since this was a necessarily arbitrary assignment, a sensitivity analysis of the impact of using the alternative assignment choice was performed. After additional exploration of the relationships among the abovedescribed PM 10 monitoring stations, we will develop a composite measurement of PM 10 mass using data across the monitors to generate estimates for some of the days not covered by the MAI.
Ozone was reported to the AIRS network at three monitoring sites in the Atlanta metropolitan area: Confederate Avenue, South DeKalb College, and Conyers. Daily 8-h maxima were generated at each monitoring site. Because the O 3 levels are very low in winter in Atlanta, AIRS monitoring sites for O 3 do not operate during the winter months. O 3 was measured from March 1 through November 30 in 1993 ±1995, from March 1 through October 31 in 1996, and from April 1 to October 31 in 1997 and 1998. A composite of the measurements at the three O 3 monitoring sites was used for the analyses. This composite was constructed using the Confederate Avenue monitoring measurements because this station is located in downtown Atlanta and, when missing, scaled measurements from, first, South DeKalb and, second, Conyers, which were corrected for site-to -site variability.
AIRS includes measurements of NO 2 from two monitoring sites, South DeKalb and Georgia Tech. A composite variable used in all analyses was constructed using the 1 -h maximum Georgia Tech measurement and when that was unavailable, the measurement from South DeKalb, scaled to the Georgia Tech monitor, specific to season. A 1 -h maximum SO 2 metric was calculated from AIRS data at two monitoring sites, Confederate Avenue and Georgia Tech. The composite variable used in all analyses was constructed using the Confederate Avenue measurement and when that was unavailable, the measurement from Georgia Tech, scaled to the Confederate Avenue monitor, specific to season. A 1 -h maximum CO metric was calculated using data from the DeKalb Tech monitoring station, and when these were missing, the measurement from Roswell Road, scaled to the DeKalb Tech monitor, specific to season.
Meteorologic data are collected at Hartsfield International Airport by NCDC. Variables used in the current analyses include the average of minimum and maximum temperature and mean dew point temperature.
ED Data Collection
Study Population Patients who visit any of the participating hospital EDs and reside in the Atlanta metropolitan statistical area (MSA ) at that time are included in the study. The Atlanta MSA, as defined by the U.S. Census Bureau, is a 20-county area surrounding the city of Atlanta ( see Figure 2 ). Individuals residing in any one of the 222 zip code areas that are included, wholly or partially, in the 20 counties are considered residents of the Atlanta MSA. Residence in the Atlanta MSA is determined by the patient's residential zip code recorded in the computerized billing data provided by the hospitals.
Soliciting Hospital ED Participation The 39 hospitals with EDs serving the 20 -county Atlanta metropolitan area have been asked to participate in the study. A map of their locations, by participation status, is presented in Figure 2 . As of May 2000, 33 hospitals are participating and four have refused to participate. The remaining two hospitals cannot provide usable computerized data; one hospital does not keep residential zip code in their computerized records and one hospital does not keep computerized records of their ED visits (this ED subsequently closed ). The 33 participating hospitals are estimated to account for 92% of the Atlanta area ED visits ( Table 1) .
Health Outcome and Demographic Data Computerized billing record data are being obtained from the EDs participating in the study. Information on all visits to the participating emergency care facilities between January 1, 1993 and August 31, 2000 is being collected. These data include the following information: patient medical record number, unique visit number, date and time of admission, International Classification of Diseases Ninth Revision ( ICD -9 ) diagnostic codes, procedure codes, age, date of birth, gender, race, social security number, zip code of residence, residential street address, and financial class / payment method.
Definition of Case Groups Several case groups are being defined using the primary ICD -9 diagnostic code. All twodigit extensions will be used unless otherwise specified. The cardiovascular case groups are: ischemic heart disease (410 ± 414) , acute myocardial infarction ( 410 ), cardiac dysrhythmias (427 ), cardiac arrest ( 427.5 ) , dysrhythmias excluding cardiac arrest (427.0 ±427.4, 427.6 ± 427.9 ) , congestive heart failure (402, 428 ), peripheral and cerebrovascular disease (433 ±437, 440, 444, 451± 453 ) , and all cardiovascular diseases combined (402, 410± 414, 427, 428, 433± 437, 440, 444, 451± 453 ) . The respiratory case groups are: asthma (493 ), wheezing ( 786.09 ), chronic obstructive pulmonary disease ( COPD; 491, 492, 496 ) , lower respiratory infection ( 466.1, 480, 481, 482, 483, 484, 485, 486) , and all respiratory diseases combined (460 ± 466, 477, 480 ±486, 491, 492, 493, 496, 786.09 ) . For the asthma outcome, we are restricting the case definition to adults in order to make the analysis independent of a previous study of pediatric asthma that covered part of this study period at some of the same EDs ( Tolbert et al., 2000 ) . The referent group is composed of all visits excluding the cardiorespiratory groupings defined above.
Multiple Patient Visits Multiple visits by a patient can be identified using the unique visit number and patient medical record number. Repeat visits within a single day are counted as a single visit. Multiple patient visits during the study (on different days ) are considered independent for most analyses. A separate analysis consisting of only repeat ED visitors will be conducted, accounting for nonindependence of events. 
Tolbert et al.
Interim results of SOPHIA study
AICD Patient Data Collection
AICDs AICDs are medical devices implanted into the chest or abdomen with electrical leads connecting to the heart of patients who suffer from ventricular tachycardia and /or ventricular fibrillation. The device continually monitors the QRS complex of the heart beat to determine if the heart is beating properly. Based on individually preset``zones'' of abnormal heart rate, the AICD recognizes when tachycardia or fibrillation occurs and delivers electrical therapy to the heart. If the AICD recognizes tachycardia, the device paces the heart with electrical pulses in order to return the heart rate to normal. If the AICD recognizes fibrillation, the device will deliver an electrical shock to stop the fibrillation and restore sinus rhythm. Information on these arrhythmic events and any therapy delivered is stored on the device and downloaded at periodic clinic visits.
Study Population The study population for this component of the SOPHIA study is patients equipped with an AICD who have been seen at least once at any of the five Atlanta area electrophysiology clinics since 1993. The clinics are Emory Clinic Pacemaker /ICD Services, Crawford Long Arrhythmia Services, Cardiovascular Group located in Gwinnett County, Cardiac Disease Specialists at Piedmont Hospital, and the Atlanta Cardiology Group at St. Joseph's Hospital. Because these five clinics see all AICD patients in the Atlanta area, abstracting information on patients from these clinics will enumerate the entire AICD patient population in Atlanta. Only patients residing in the Atlanta MSA will be included in the study.
Data Collection Demographic data, visit data, and event data are being abstracted directly from medical records and clinic billing records. For all AICD patients, regardless of whether the patient has experienced an arrhythmic event during follow up at a clinic, we will collect basic non -time varying demographic information. Data recorded include first and last name, medical record number, date of birth, gender, race, residential address and zip code on multiple dates, date of first AICD implant, underlying medical diagnoses, current smoking status, whether the patient experienced an arrhythmic event, date of last contact, and whether the patient has been lost -to -follow -up or has died. If a patient has experienced an arrhythmic event recorded by the AICD, we will collect additional information on each event and each visit to the clinic. Visit data include date of current visit, date the device was last interrogated and cleared of data, device parameters at that visit ( heart rate and beat -to -beat interval detection zone thresholds for ventricular tachycardia and fibrillation ), AICD type and model number, and current reported medications. Event data include the date, time, and type of arrhythmic event (ventricular tachycardia, ventricular fibrillation, or nonsustained arrhythmia ), the heart rate (bpm ) and beat -tobeat interval (ms ) during the arrhythmic event, and the type of electric therapy delivered ( if any ) by the device. Arrhythmias therapeutically induced by the physician are not being recorded.
Definition of Arrhythmic Outcomes Case groups are specified based on the type of arrhythmic event and type of therapy resulting from that event. Multiple case groups are being defined: (1 ) patients who experienced ventricular fibrillation requiring shock therapy; (2 ) patients who experienced ventricular tachycardia requiring pacing therapy; ( 3 ) patients who experienced any arrhythmic event and required any AICD therapy; and (4 ) patients who experienced a non -sustained dysrhythmic event that did not require pacing therapy. Multiple events on a single day are considered one event.
Epidemiologic Analysis for ED Study
Descriptive Data Analysis Data from 18 of the 33 participating EDs have been cleaned and merged into a single analytic file. Distributional characteristics of the analytic variables and inter-relationships among the variables have been examined.
Epidemiologic Models Using the preliminary analytic file for the 18 EDs, models relating air quality variables to presentation rates for each of the outcome groups were built with careful attention to removal of seasonal and other long -term temporal patterns. Two series of models were constructed for the two time periods, the first 12 months of the superstation (August 1, 1998 ± August 31, 1999) , and the pre -superstation time period ( January 1, 1993 ±July 31, 1998 ). Our initial models have focused on four case groups: adult asthma, COPD, dysrhythmia, and all CVDs combined. We are initially constructing single -pollutant models that include control for seasonal and other long -term trends in the outcome variable as well as control for meteorologic variables, day of week, and hospital entry and exit. For the air quality variables, the moving average of the 0 -, 1 -, and 2 -day lags is used as the a priori lag structure. We are drawing on the analytic approaches used by previous investigators in analyzing similar types of data ( e.g., Schwartz et al., 1995; Moolgavkar and Luebeck, 1996; Burnett et al., 1997 ) , and in our initial analyses are using several types of models: Poisson general linear modeling ( GLM ), generalized estimating equations ( GEE ) (Zeger, 1988 ) , and generalized additive models (GAM ) (Hastie and Tibshirani, 1990 ) . For the GLM and GEE models, long -term trends in case presentation rates are controlled with semiparametric cubic splines. The splines have seasonal knots in models of cardiovascular outcomes and monthly knots in models of respiratory outcomes. The additional knots are used in the models of respiratory outcomes are due to the higher degree of temporal variability of these outcomes. For the asthma outcome, season indicator variables were added to the model as these variables improved the fit. Cubic splines are also being used to control for temperature (average of daily minimum and maximum ) and humidity ( average dew point ) , with knots at the 25th and 75th percentiles. Models include indicator variables for day of week. Hospital entry and exit indicator variables are used to account for the fact that data are not available for all the hospitals for the entire study period. Finally, an offset term representing the daily count of all non -cardiorespiratory ED visits is included. Variance estimates are scaled in the GLM and GEE models to account for Poisson overdispersion. The GEE models use an autoregressive (AR -1 ) correlation structure. Non -parametric smoothing splines are employed in the GAM models for the control of time trends and meteorology, utilizing an equivalent number of degrees of freedom and the same predictors as in the GLM and GEE models.
The basic model has the following form:
logEY offset pollutant
where Y is the count of ED visits for a given day for the outcome of interest, pollutant is the air quality variable of interest, offset is the log of non -cardiorespiratory ED daily visits, time (in days ) represents terms that control for time using cubic splines, temp represents terms that control for daily temperature ( average ) using cubic splines, dewpoint represents terms that control for daily dewpoint ( average ) using cubic splines, DOW k are day of week indicator variables, hospital m are indicator variables encoding entry and exit of hospitals. We define a cubic spline g( 1 ,F F F, N ; x ) with knots at i as:
where 1 , 2 ,F F F, N are parameters to be estimated, and where w j ( x ) = (x À j ) 3 if x! j and w j ( x) = 0, otherwise. To avoid colinearity in the time spline terms, linear transformations of the original spline terms are used, which are obtained by multiplying the design matrix ( of the data to be transformed ) by the eigenvectors of its variance ± covariance matrix. The cubic splines are defined such that the first and second derivatives of g (t) are continuous, allowing time trends and meteorology to be modeled as smooth functions in a GLM or GEE framework. This approach shares the advantage that non -parametric smoothing functions, found in general additive models, have for the finer control of covariates but also utilizes the foundation of maximum likelihood and quasi -likelihood theory.
Planned Analyses While the remaining hospital and air quality data are being collected and cleaned, we will continue examining inter-relationships among the air quality variables and evaluating modeling approaches. All existing monitoring data will be studied to evaluate spatial variability in the analytes. Multi -pollutant models will be fit for selected combinations of air quality indices. Alternative lag structures will be explored. Shapes of observed exposure± response relationships will be assessed. Analyses subset by residential zip code, age group, hospital, season and other variables will be performed. Beyond the four case groups initially considered, other case groups of interest will be evaluated. Finally, measurement error will be considered using all available information, and will be incorporated into our models ( e.g., Zeger et al., 2000 ) .
Epidemiologic Analysis for Arrhythmia Study
Descriptive Data Analysis Before any modeling is executed, descriptive statistics and plots over time will be examined. Analytic variables include age, gender, race, zip code of residence, medication status, underlying medical condition (s ), arrhythmic events recorded by AICD, and air quality measures.
Planned Analyses Several different types of analysis will be conducted for the arrhythmia study. First, each arrhythmic event will be considered a case and symmetric bidirectional controls will be selected for each case in a case ± crossover analytic approach ( Maclure, 1991; Navidi, 1998; Bateson and Schwartz, 1999 ) . Conditional logistic regression will be used with these matched sets. If a subject contributes more than one event to the analysis, subject -specific indicator variables will be added to the model to take into account the non -independence of events. There will be several choices of control days, including the number ( range 2± 12 ) and distance in time from the case day, ranging from 1 day to 1 week to several weeks. The choice of these control days, symmetric, bidirectional, and close in time to the event day, will control for any time trends in the exposure data. If the control days are chosen at week intervals, day of week indicator variables will not be necessary. If control days are not chosen at week intervals, day of week indicator variables will be included in the model. Secondly, each subject will be considered a stratum with all event days and all non -event days included as cases and controls, respectively, in the analysis. Unconditional logistic regression using a fixed effects marginal repeated measures model of GEE will be used to analyze the data. Each subject is considered independent of any other subject. Each subject's case and control days are not independent and have some correlation between them; an exchangeable correlation structure will be considered. Because time trends are not explicitly controlled for with this type of control selection, cubic splines for time trends will be used. Indicator variables for day of week effects will also be added to the model. Thirdly, the above GEE unconditional logistic model will be modified using a random selection of all non-event days as control days. Random controls will be selected bidirectionally, rather than from just the days prior to the event day, to avoid biases due to time trends in the exposure data. Fourthly, the data will be transformed to daily count data and analyzed as a time series study using a Poisson GEE model. The daily fluctuation in the total number of arrhythmic events will be compared to the daily levels of air pollution.
Recent work by Lumley and Levy ( in press ) suggests that there may be a small bias in the classic case ± crossover analytic approach using symmetrical, bidirectional control day sampling, which can be addressed by using prespecified windows for control day selection rather than having windows symmetrically formed around case days. We will take this into account in developing our analytic approach.
Results
Status of Study
Collection of air quality data for the pre -superstation period is nearly complete. All air quality variables have been collected, except for the bioaerosol data still expected from the Atlanta Allergy Clinic. For the superstation period, the first 12 months of data (August 1, 1998± July 31, 1999 ) are available for most of the analytes being measured. Bioaerosols are not yet available from the superstation. ED data collection is proceeding. We have conducted preliminary epidemiologic analyses using data from 18 of the 33 participating hospitals. Data from the remaining 15 hospitals are expected in summer 2000, and the final round of outcome data collection will take place in fall 2000 to obtain data for the second year of superstation operation (through August 31, 2000) . In this manuscript, preliminary epidemiologic analyses of the ED data from the 18 hospitals relative to the pre -superstation air quality data and the first year of the superstation are presented. Data abstraction for the arrhythmia study is ongoing. Abstraction is complete for active patients at two of the five clinics participating in the study. Descriptive results are presented for the AICD patients at these two clinics. Assessment of the feasibility of using trans -telephonic event monitoring data in an additional component study is ongoing. Interim results of SOPHIA study Tolbert et al. Interim results of SOPHIA study (2000) 10 (5) Air Quality Data
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Pre-Superstation Time Period Univariate statistics for PM 10 (24-h ), ozone (max 8-h ) , NO 2 ( max 1-h ) , SO 2 ( max 1-h ) , CO (max 1-h ), temperature (average of daily maximum and minimum ) and dew point for the time period January 1, 1993 ± July 31, 1998 are presented in Table 2 . Spearman rank correlation coefficients for the correlations among the daily measures are also presented in Table 2 .
Superstation Time Period Descriptive analyses of the analytes of interest currently available from the superstation for the first year of operation (August 1, 1998 ± July 31, 1999 ) are presented in Tables 3 and 4 . Additional descriptive analyses of the 12 -month superstation data have been published elsewhere ( Van Loy et al., submitted ).
Data are summarized on the following analytes: 8-h maximum ozone and 1-h maxima of NO 2 , SO 2 , and CO, and 24-h measurements of polar VOCs, PM 2.5 , coarse PM (2.5 ± 10 m), PM 10 (reconstructed ), ultrafine ( 10± 100 nm ) PM count and surface area, and the PM 2.5 component sulfates, OM, EC, and water-soluble transition metals.
Outcome Data ED Data Data from 18 hospitals have been combined into a preliminary outcome data set for analysis. The hospitals included in the current analysis are noted in Figure 2 . The hospitals included in the preliminary analysis are predominantly the larger, in -town hospitals. These 18 hospitals are estimated to receive about 55% of the annual ED visits in Atlanta (Table 1 ) . The period of time for which data were provided from each hospital is presented in Table 5 . The preliminary combined data set includes 1,662,713 ED visits during the pre -superstation time period and 559,480 visits during the superstation time period. The numbers of case visits during the two time periods for the outcomes assessed in our initial epidemiologic analyses are presented in Table 6 .
AICD Patient Data Descriptive information on the AICD patients whose medical records have been abstracted to date ( the active patients at two of the five participating AICD clinics ) is presented in Table 7 . The files included records on 324 patients who were being followed by the clinics, contributing approximately 841,800 person days of observation. The patients are primarily white males, with an average age of 63 years. The records indicated that 176 of these patients had experienced at least one arrhythmic event during the time they were being followed at the clinic. Of these, 146 had experienced at least one episode of ventricular fibrillation requiring shock therapy or tachycardia requiring pacing therapy, and 26 had experienced at least 10 such events. We expect to collect information on approximately 600 AICD patients at the five clinics.
Preliminary Epidemiologic Analyses
Results of the initial models using the preliminary outcome data are shown in Tables 8 and 9 . Results are shown for the four case groups and the air quality indicators of a priori interest. The GLM, GEE and GAM models yielded consistent results, and only GLM results are presented. The amount of autocorrelation in each of the count variables is minimal, and thus, the results of GEE models were expected to be similar to the GLM models. The parameter estimates from the GAM models tend to have slightly smaller estimated standard errors than the other two types of models.
Pre-Superstation Time Period A significant positive association was observed between 8-h ozone and adult asthma. The relative risk for this association was 1.06, roughly interpretable as a 6% increase in case visits for this outcome on days when the moving average of that day and the previous two days increased by 25 ppb (the standard deviation of the 8 -h ozone values ) , controlling for temperature, dew point, day of week, hospital entry and exit, and long -term time trends. Significant positive associations were also observed for COPD in relation to O 3 , NO 2 and PM 10 . A significant negative association was observed between PM 10 and all CVDs, approximately a 2% decrease in ED visits per 10 g/m 3 increase in PM 10 . When the alternative date assignment of the 8 a.m. ± 8 a.m. PM 10 measurement was used (assigned to the first midnight ± midnight day crossed rather than the second ) , the RRs for adult asthma and dysrhythmia were similar, while the RRs for COPD and CVD moved toward the null and the P values became non-significant.
Superstation Time Period
In analyses using the first 12 months of superstation data, no significant associations were noted for COPD or adult asthma. For dysrhythmia, significant positive associations were observed for CO, Number of patients with 1 + event requiring therapy 146
Number of patients with 10 + events requiring therapy 26
Total number of events requiring therapy 882 coarse PM, and PM 2.5 EC. For all CVDs combined, positive associations were observed for CO, PM 2.5 EC and OM. It should be noted that ultrafine measurements were missing for 30% of the 12-month period.
Discussion
Previous time series air pollution health effects studies have generally been limited by a lack of information on the physical and chemical characteristics of PM. The present study is making use of the presence of the ARIES superstation in Atlanta to contribute mechanistic insight into the relationships of ambient air pollution and several cardiorespiratory outcomes. In this paper, we have presented preliminary analyses from the ED component of this work and initial descriptive data from the AICD component.
Strengths of the ED component of the SOPHIA study derive from the unique ambient air quality data set the availability of data for a 5 -year period prior to the implementation of the superstation, the large number of ED visits included and the nearly complete ascertainment of ED visits in the catchment area of metropolitan Atlanta for the superstation period. Limitations stem from the dependence on a single central monitoring site for many of the analytes, the heterogeneous quality of the ED data, and the relatively short duration of the superstation period.
To summarize results from preliminary analysis of 18 of the 33 participating EDs: significant positive associations were observed for dysrhythmia with CO, coarse PM, and PM 2.5 EC, and for CVD with CO, PM 2.5 EC, and PM 2.5 OM, during the first 12 months of operation of the ARIES superstation. For the pre -superstation time period, significant positive associations were noted for adult asthma with O 3 and COPD with O 3 , NO 2 and PM 10 , and a negative association for all CVDs and PM 10 .
There was a low degree of concordance between the preliminary ED results for the superstation and presuperstation time periods; i.e., for those analytes measured during both time periods, if an association was observed in one period for a particular outcome, results were generally null for the other period. While some lack of consistency was expected based on random statistical fluctuation, several other factors may also contribute: secular patterns in other unmeasured risk factors, differing pollutant mixes in the two time periods, the varying time coverage of the participating hospitals, model misspecification, and the differing sources of air quality data for the two periods (the state network vs. the superstation ) . To check whether the inconsistency might be a result of the different sources of pollution data, analyses were run for the superstation time period using the state monitoring data. Results using the two different air quality data sources for the same time period were similar (one exception: for NO 2 , results were more positive for the cardiac outcomes using the non-superstation Table 9 . Preliminary GLM a results for association of ED visits for selected case groups with superstation air quality data, August 1, 1998 ± July 31, 1999, SOPHIA study. data source; the superstation and non-superstation data for this analyte were highly correlated, but the superstation had missing NO 2 data for 78 of the 365 days ). Hospital -specific analyses did not suggest that the differences across the two time periods were a result of differing time coverages of data from different hospitals. Year-specific analyses do not suggest a gradual shift in the RRs for the pre -superstation years toward values for the superstation year. We plan to examine patterns in the pollutant mixes over time, and multi -pollutant models will assist in further assessing this issue. Lastly, as additional data are obtained from the other participating hospitals and for the second year of the superstation, the sampling error will decrease.
In this interim analysis, we observed 10 statistically significant positive associations (P < 0.05 ) and one significant negative one. Several of these may be chance findings. Given that 80 tests were performed, the number of significant positive associations exceeded the number expected by chance alone. Moreover, the case groups and air quality indices of interest, control variables, lag structure and other modeling choices were specified a priori, with exploration reserved for secondary analyses. There remains a high potential for confounding in these models. The models presented are single -pollutant models and there is covariation among the pollutants. Other time -varying determinants of the outcomes of interest may be responsible for some of the observed associations. Nonetheless, these initial results provide a preliminary indication of relationships of the outcomes and air quality indices of interest in this investigation.
Additional speciation of the carbonaceous components of PM is being conducted on the superstation samples in response to the preliminary findings reported here. This will allow a more refined examination of the carbonaceous fraction in the final epidemiologic analyses.
Regarding the AICD study, the descriptive data from the first two of five participating clinics are encouraging from a power perspective. Peters et al. ( 2000 ) recently published a study of AICD patients in which therapeutic discharges were found to be significantly associated with 24-h NO 2 lagged 2 days. Their study included 100 patients, 33 of whom had at least one event of therapeutic discharge, and six of whom had at least 10 events. At two of five study clinics, in a review of active patients only, we have identified 324 patients, 146 of whom had at least one therapeutic discharge event and 26 had at least 10 such events. The AICD component of the SOPHIA study is exciting in its use of this novel source of data on arrhythmic events and is anticipated to provide important new evidence regarding the relationship of air pollutants, including PM components, to this health endpoint.
Data collection for all components of the SOPHIA study is expected to be complete by early 2001, and final results will be available shortly thereafter.
